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经过浇模、中真空键合得到 PDMS 微流控芯片。整个过程耗时约 10 小时。
用 SEM 和激光共焦显微成像系统进行观察监测。分析了硅模具及 PDMS
微流控芯片图案的一致性及粗糙度，结果表明硅片模具微结构的相对标准
偏差低于 3%，粗糙度 SPa 为 0.051µm，PDMS 微流控芯片相应的分别是
1%和 0.183µm。用 PDMS 微流控芯片进行电泳分离实验，分离场强 200 
v/cm，在 4.7cm长的分离通道中，30 秒内成功分离了四苯磺酸基卟啉(TPPS)
和羧基钴酞菁(TCPcCo(Ⅱ))的混合样品。  









的表面组装和制作了 SERS 活性基质，并观察到了明显的硫氰酸根 SERS
增强信号，为进一步的研究打下基础。  
















Microfluidic chip is an interdisciplinary field. The rule of 
physicochemical phenomena in microfluidic chip is quite different with that of 
macro-world, when its unit scale is from sub-millimeter to micrometer. 
Therefore it is very important for microfluidic chip to apply the 
physicochemical methods and tools. The purpose of this thesis is to develop 
new fabrication and detection method for microfluidic chip from  physical 
chemistry. The main work and results are summarized as follows: 
1. Set up a fabrication method of the silicon mold for microfluidic chips 
by wet etching. After making the casting mold by anisotropy etching 
silicon(100).with 15% (CH3)4 NOH, PDMS microfluidic chips can be 
achieved by casting and bonding after activated by oxygen plasma under 
middle vacuum. All procedures were finished in about 10 hours. The whole 
process was monitored by SEM and confocal microscope. The relative 
standard deviation (RSD) of microstructure of the silicon mold and PDMS 
microfuidic chip were under 3% and 1%, the smoothness was 0.051µm and 
0.183µm respectively. Electrophoresis separation was carried out on the 
fabricated PDMS microfluidic chip. In 200v/cm electric field, the mixture of 
TPPS and TCPcCo(Ⅱ) was successfully separated within 30 seconds in 7 cm 
long channel in the fabricated PDMS chip.  
2. Developed “one step electroforming” method for fabrication of metal 
nickel mold  for microfluidic chips. A nickel mold with surface roughness at 
0.725μm was made by electroforming on the negative silicon mold etched 
with 15% (CH3)4NOH and convex corner compensation technology. Low RSD 
values of 1.70, 2.29, and 5.31% are observed for the channel bottom width, the 
top width, and the depth, respectively, for the batch cast PDMS replication. 
3.Explored the feasibility of SERS detection on microfluidic chips. The 
SERS-active substrates on glass/PDMS were fabricated by self-assembling of 
gold nano-particles and electrochemical ORC roughening of gold film. The 
obviously surface enhanced Raman signals of thiocyanate were observed on 
the SERS-active substrate.  
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第一章  绪论 
 
20 世纪 90 年代初，Manz 和 Widmer 提出“微全分析系统”







（Lab on a chip, LOC），它将微全分析系统的分析科学领域扩展到其他学
科领域，将生物芯片的研究对象扩展到非生物对象。应用于流体体系的芯
片实验室称为“微流控芯片”（Microfluidic Chip），又称湿芯片（Wet chip）, 
是 LOC 中最前沿、最活跃的领域之一，由于化学和生物体系也多是溶液
体系，所以也是化学和生物科技工作者最关注的领域。 





































其它硅器件集成的研究相对较少。1985 年，Van Der Schoot. B.制作了库仑
酸碱滴定计，用固相的 pH 传感器来测定溶液中酸或碱的浓度[14]。1988































微全分析系统上。1993 年，Seiler 在芯片上用激光诱导荧光（Laser 
Introduced Fluorescence, LIF）检测荧光衍生物或者荧光标记的氨基酸[19]。
另外，生物样品的分离、生物分子和细胞的相关反应和操作也开始出现。









Shimadzu 和 Hitachi 公司一系列商品的出现。研究者们也开发出更专门的
芯片分离模式，例如同步循环电泳 [29]和自由流动电泳（ free flow 












































Fig1-1-1. Concept illustration of “micro total analysis systems, 
μTAS”， system includes: Sample loading, drop metering, thermal 
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